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INTRODUCTION
Until recent years urethane (ethyl carbamate) has had
relatively little clinical value. Its principal use had been
as an hypnotic, but its effect on man is disappointingly weak
considering its potency on lower animals, so it has been em-
ployed mainly in anaesthetizing laboratory animals. Conse-
quently, no practical method, feasible for hospital labor-
atories, has been worked out for its determination in biolog-
ical fluids.
Recently, however, possible new uses for the drug
have been developing. The early work of Warburg (57) and
others showing the inhibitory effect of urethane on mitosis
(26) and cell division led to investigations of the action of
the drug on tumors. Haddow and Sexton (27) report the effects
of urethane on growth of various types of tumors. While not
curative, these effects are reproducible and retarding. Re-
sults with human cancer have been much less consistent, but
the drug is sometimes of great benefit in temporarily reliev-
ing inoperable or otherwise intractable cases of breast and
prostatic cancer (34). Treatments of cancer cases produced
decided drops in leukocyte counts of the patients' blood and
this fact led to use of urethane in treatment of leukemia (46).
It produced results quite similar to standard deep x-ray ther-
apy. In addition to the above studies, work has been done on
the bacteriostatic and bactericidal action of urethane, both
by itself and in combination with other carbamates, penicillin,
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and sulfonamide drugs (58), with a view to its use superfi-
cially in surgery and treatment of wounds (53)
•
In such
treatment it is used in fairly large doses (20 to 30 gm.
)
externally, and the occurence of toxic symptoms indicates it
is absorbed into the body.
In the work cited above the only means available for
-giving an indication of urethane blood levels was periodic
white cell counts. In order that more quantitative data may
be obtained from these and future experiments, and in order
that accurate clinical dosages may be prescribed, a good
practical, and technically simple method for quantitative
determination of urethane in biological fluids is needed. The
only one reported in the literature so far is that of Archer,
et al
. (4)
.
The close chemical similarity between urethane and
urea, and the presence of the latter in most important biolog-
h2n-c-nh2 h2n-c-o-ch2-ch3
Urea Urethane
ical fluids seems to prevent the direct determination of
urethane as such. Thus, it appears necessary, unless a speci-
fic reaction can be found for urethane with a determinable
product, that the compound must be broken down and one of the
products quantitatively estimated. Archer, et ad., use the
method of hydrolysis followed by determination of the ethyl
alcohol liberated. This hydrolysis is according to the
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following reaction:
0
U alkali
HgN-C-C-CHg-CH^ *+ H20 NH^ +• C02 4-
C
2H5OH
Since ammonia and carbon dioxide can be formed from many
sources in biological fluids and the normal amounts of vol-
atile reducing substances are relatively small, the deter-
mination of the alcohol seems the logical expedient. The
major drawback at the outset is that the alcohol obtained is
only about one half the weight of the original urethane, and
expected blood levels of zero to fifty milligrams percent
urethane yield only zero to twenty- five milligrams percent
ethanol. With such small amounts a micro-method is necessary*
The purpose of this thesis, then, is to examine the
various methods for the micro-determination of ethyl alcohol
in biological fluids, and to ascertain what modifications
are necessary for the most suitable means of determining
urethane by hydrolysis. When this has been done, a simple,
practical, and sufficiently accurate procedure is to be given
for estimating urethane in biological fluids, with emphasis
specifically on blood level determination for clinical use.
The errors will be determined and examined*
HISTORICAL REVIEW OF LITERATURE
Because of the many uses of ethanol and its medico-
legal importance, the literature on its determination is
voluminous. Gettler and Tiber (21) give an excellent review
of the work done up until 1927 and Levine and Bodansky (38)
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review and criticize some of the later methods
In general it may be said that the methods of deter-
mining ethyl alcohol are based either on its physical proper-
ties, on its conversion to a convenient ethyl derivative
which can be measured, or on its oxidation and subsequent
determination of an end product*
(1) Determination by physical properties. Probably the best
results obtained with a method based on the physical proper-
ties of alcohol are those of Bock (8) with the interferometer.
His results are extremely accurate but require expensive
i*
equipment. He cites the work of Kuhn and Vollmering with the
pycnometer and Nungesser with the vaporimeter as less satis-
factory. Gettler and Tiber (21) cite work of Sidersky on
miscibility changes in ether, water, and alcohol mixtures;
of Lyons on coefficient of expansion; of Haines and Marden
on salting out with potassium fluoride; of Kolthoff on electr-
ical conductivity; and of Lachman on changes of solubility
of aniline in alcohol solutions. These methods are only
applicable to relatively large quantities of alcohol. Gettler
and Tiber (21), by their own experiments, showed conclusively
that determinations of specific gravity (16) or refraction
on alcohol distillates from tissues are not sufficiently
accurate for the small quantities encountered.
It can be concluded, then, that methods for deter-
mination of ethyl alcohol by measurement of physical proper-
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ties are either too inaccurate for the low ranges expected
in biological urethane determinations, or would require ex-
pensive measuring devices*
(2) Determination as ethyl derivatives. The first derivative
one thinks Of from ethyl alcohol is, of course, iodoform, as
is formed in the Lieben test. This test was widely used on
biological materials in the late nineteenth century when the
controversy raged as to whether or not ethyl alcohol was
normally present in living tissues. Unfortunately, the test
is not at all specific for ethanol under these conditions,
as pointed out by G-ettler et al. (20,21), so it is not applic-
able to biological fluids unless extensive separation methods
are used. Taylor (54) subjected his distillates to Buchner's
test, the formation of the ethyl ester of p-nitrobenzoic acid
by heating with p-nitrobenzoyl chloride. This test is not
quantitative.
Stritar (52) converted ethanol to ethyl iodide by
boiling with hydriodic acid. He then determined the ethyl
iodide as silver iodide. The conversion is not quantitative,
however, and contamination with hydriodic acid is difficult
to prevent. Gettler, Niederl, and Benedetti-Pichler (20) and
Gettler and Umberger (22) have overcome these difficulties by
using Pregl's modification of the same reaction and have de-
veloped a procedure sufficiently accurate to determine 0.02mg.
ethanol in blood, but this procedure requires very complicated
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apparatus.
The only other ethyl derivative which has been used
with any success is ethyl nitrite. Fischer and Schmidt (14)
report a method for conversion of ethanol to ethyl nitrite by
sodium nitrite and acetic acid in a carbon dioxide atmosphere.
The nitrite is then hydrolyzed and the liberated nitrous acid
treated with hydriodic acid to liberate iodine which can be
determined by the usual methods. This procedure was tried
by G-ettler and Tiber (21) who discarded it as unreliable
because of the instability of the hydriodic acid. Recently
Chalov and Volskaya (12) modified the procedure and claim
three percent accuracy in the range of 0.025 to 0.005 percent
alcohol. The procedure is still time consuming, though, and
requires elaborate equipment.
Thus it seems that no derivative of ethyl alcohol has
yet been found which can be simply and accurately determined
in a routine analysis of biological materials.
(3) Estimation by oxidation and determination of end products.
The third group of methods, based on oxidation of the alcohol
is by far the most widely used and includes the simplest pro-
cedures. The oxidation reaction itself goes in three steps
depending upon the oxidant used and the conditions imposed.
The three products are, first acetaldehyde, then acetic acid,
and finally carbon dioxide. Any one or any combination of
these may be obtained. Both acetaldehyde and acetic acid
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have been used as a determinable end product.
(a) Variation as to oxidizing agent. The most widely used
oxidant is chromic acid, but several methods have been devel-
oped with other agents. Haggard and G-reenberg (28) give a
method using the iodine pentoxide train, but this requires
complicated apparatus and special technique. Bock (8) cites
the work of Bugarsky, of Stolz, and of Spechter using bromine
as the oxidizing agent. The difficulties of handling the
bromine seriously detract from this procedure. Based on
early work by Barendrecht (6), Friedemann and Ritchie (17)
described a method using potassium permanganate. This was
further developed (18) and gave fairly good results. Yet
there seem to be no advantages in the use of permanganate in
preference to dichromate which are not outweighed by the much
greater stability of standard dichromate solution. This
same argument applies to Cordebard’ s (13) method with a nitric-
chromic mixture.
The earliest investigators used chromic acid (7,44,53).
In later work Nicloux (45) found the optimum conditions for
the incubation of alcohol with chromic acid to give maximum
yields of acetic acid. By keeping the acid concentration
intermediate, the temperature sufficiently low, and incubating
for a sufficiently long time in closed containers, he obtained
practically stoichiometric conversion of ethanol to acetic
acid
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(b) Variation as to method of separation. In determinations
on biological materials the alcohol must be separated before
measurement. In urethane determinations a similar separation
must occur after the hydrolysis has taken place. Most ethanol
methods use simple distillation. Bock (8) investigated the
conditions for this type of separation and recommended dis-
tillation through a metal condenser at slow rates. Special
apparatus has been described for distillation by Johnston
and Gibson (35), McNally and Coleman (40), and Turner and
Loew (36), and the Conway microdiffusion apparatus has been
adapted by Winnick (61). Steam distillation (19,21), vacumn
distillation (10,42,43), and aeration (9) have also been
used.
Perhaps the most ingenious separation method is that
developed by Widmark (60). He simply suspended the fluid
containing alcohol over the chromic acid in special flasks,
and incubated until the volatile components had evaporated
into the chromic acid and become oxidized. This method has
been widely used (11,31,41,51) but requires special flasks.
In an effort to obviate this difficulty Abels (1) used a
regular flask and absorbed the material to be assayed for
alcohol in a specially folded filter paper which was held
just below the regular stopper. Others (39,48,49) used
similar methods, but Anderson (2) found that organic con-
taminants from the filter paper dropped into the chromic acid
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and gave erroneous results. He developed modified Rivers
virus culture flasks for the purpose.
In reviewing the above methods of separation, it
appears that the method most suitable from the standpoint of
using readily available laboratory apparatus, is simple dis-
tillation. The results from this method are at least as good
as those from the others.
(c) Variation as to method of determining end products. In
the oxidation procedures reported in the literature an excess
of oxidant is usually used, and the methods fall into two
general categories; those in which a product of oxidation is
determined; and those in which excess oxidant is determined.
(1) Determination of an oxidation product. Acetaldehyde
was determined by Argenson (5) with reduced fuchsin using
a colorimeter, and more recently by Henry et al. (32), also
using a colorimeter but with p-hydroxydiphenyl . The draw-
backs of these methods are that they require an extra distill-
ation to remove the acetaldehyde, and that the reaction to
produce acetaldehyde is far from stoichiometric. Several
authors (1,19,30,33) have directly determined acetic acid by
titration with base. While this reaction is more nearly
stoichiometric, it still requires an extra distillation to
remove the acid.
(2) Determination of excess oxidant. Excess of oxidizing
agent has been determined both with a colorimeter and by back
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titration with reducing agents and appropriate indicators.
The dichromate-chromic sulfate color change was the first one
used in colorimetric determinations. Nicloux ( 44 ) compared
the reaction mixture after incubation with very carefully pre-
pared dichromate plus alcohol standards. This method has the
disadvantage of requiring constant preparation and renewal of
the standards which are not sufficiently stable to allow pro-
longed use. Since the advent of the photoelectric colorimeter,
several workers have developed methods using this instrument
( 2 , 3 , 23 , 24 , 43 , 48 , 50 , 59 ). Most of these workers have claimed
that the dichromate-chromic sulfate system, measured with
the proper filter, follows Beer’s Law and gives a straight
line function for alcohol concentration, but other workers
have found slight deviations from the straight line ( 43 ).
The only other oxidant giving a color reaction is permangan-
ate but this is not sufficiently stable for determination.
The various titration methods have been developed in
an effort to obtain a sharp end point which would give more
accuracy than the colorimetric methods. In general they are
more time consuming. G-ettler and Tiber ( 21 ) cite several
early workers (Bodlander, 1883
,
Baudrexel, 1912
,
and Widmark,
1917) who back titrated with standard alcohol solutions until
the orange dichromate turned to green chromic sulfate. This
method is not very accurate in low ranges, however, and the
standard alcohol solutions are difficult to prepare and main-
tain. Cotte, as cited by Gettler and Tiber ( 21 ), back titrated
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with ferrous ammonium sulfate using potassium ferricyanide as
an outside indicator. In an effort to better the end point,
Benedict and Norris (7) added excess of the ferrous ammonium
sulfate and back titrated this with permanganate which gave a
better end point. The procedure is very cumbersome, but
several later workers have used these methods (9>15»45).
Widmark in 1922 (60) adapted the method of back titrating with
potassium iodide and thiosulfate to his procedure, and this
system has since been used by many laboratories. It is the
only one used so far in urethane determination (4). This
end point is still not sharp for micro-quantities, however,
and Harger (29) developed a method of back titrating the dichrom
ate with ferrous sulfate using methyl orange as an indicator.
This procedure has a better end point for micro-determinations.
Recently, Hemingway et al. (31) have substituted barium di-
phenylamine sulfonate as the indicator.
(4) Interfering substances. Several authors, notably Heise
(30), Friedemann and Klaas (18) and Kozelka and Hine (37),
have done work on the various volatile reducing substances in
blood and other biological fluids which interfere in alcohol
determination and appear as alcohol. While this point is
important in medicolegal work on alcohol, it can be eliminated
in urethane determinations since it is included in an unhydro-
lyzed blank determination which is a necessary part of the
determination
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(5) Summary. In summarizing the work done so far on the deter-
mination of ethyl alcohol, it can be seen immediately that the
methods involving measurement of its physical properties and
involving determinations of ethyl derivatives are not applic-
able to a micro-determination of urethane in biological
fluids by hydrolysis due either to necessity of expensive
apparatus, non- specificity, or low accuracy. Of the methods
involving oxidation, it appears most likely that a suitable
modification can be made from a method using simple distill-
ation, because of its lack of unusual apparatus, and oxidation
by chromic acid, because of its stability. The incubation
should be so controlled that the conversion will be as nearly
complete as possible to acetic acid alone, since this is the
most nearly stoichiometric stopping point. It remains to be
shown whether or not a colorimetric determination is suffi-
ciently accurate for use with urethane or whether one of the
titration methods will be needed.
EXPERIMENTAL PROCEDURES
(I) Alcohol Incubation and Colorimetric Determination . Since
a colorimetric method for urethane would oe simpler than a
titration method, the first object of experimental work was to
ascertain whether or not this method would be sufficiently
accurate. Before proceeding with the development of a hydro-
lysis technique for the determination of urethane as ethyl
alcohol, it was necessary to check on the incubation conditions
and colorimetric characteristics of tne ethyl alcohol-chromic
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acid reaction.
(a) Incubation time as a variable . Based on Archer's (4)
urethane blood levels, the range of alcohol to be determined
was expected to be zero to 0.6 or 0.7 milligrams. Previous
incubation control work (45) had been at higher ranges. So
it was decided to run control incubations with various amounts
of alcohol employing the previously used conditions of heating
and acid concentration but varying the length of time of
incubations.
The reagents used were 0.300 percent potassium di-
chromate, 27N sulfuric acid, and alcohol solutions made by
dilution with standard volumetric pipettes from a stock solu-
tion of 50.49 milligrams percent concentration which was kept
constantly refrigerated. This alcohol stock solution was
prepared by weighing a sample from a freshly opened bottle
of absolute alcohol. The procedure in each case was to add
to a 25 ml Pyrex glass-stoppered graduated cylinder, 1 ml of
dichromate and 3 ml of sulfuric acid. The appropriate amount
of alcohol solution was then added and the mixture diluted to
the 13 ml mark with distilled water. The glass stopper was
inserted and sealed with silicone stop-cock grease, and the
tube shaken and placed in a water bath at 85 C for the appro-
priate length of time. The water bath simply consisted of a
large beaker of water set on an asbestos wire gauze on a ring
stand. The heat was supplied by a bunsen burner which was
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adjusted by hand. The temperature variation was slight under
these conditions (83-87 C). When the incubation was completed
the cylinders were cooled and the reduced chromic acid mixture
was poured into an Evelyn tube and measured in the Evelyn
photoelectric colorimeter using the 440 millimicron filter
and a distilled water blank to adjust to 100 percent trans-
mittance. Runs were made at 15, 30, 45, 60 and 120 minutes
with amounts of alcohol varying from 0.05 to 0.6 milligrams.
Previous workers (29) had claimed that the heat of solution
of the sulfuric acid was sufficient to cause complete oxida-
tion to acetic acid in ten minutes, so several runs were made
under these conditions using a potassium dichromate solution
of 0.08518 percent.
(b) Seal of incubation vessel as a variable . It has been re-
ported (21, 45) that use of open vessels during the incubation
caused losses up to 20 percent or more due to volatilization
of acetaldehyde during the oxidation. Preliminary trials
indicated that the concentrated sulfuric acid seal used by
most workers did not entirely eliminate bubbling around the
stopper during heating. In an effort to find a better seal a
number of parallel incubations, using the procedure described
in (a), were run both with concentrated sulfuric acid seals
and with silicone grease.
(c) Determination of alcohol concentration curve . In order to
obtain the characteristics of the alcohol concentration vs.
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' I O S ' '
c if, r
•
r
•
-
.
u' . s
.
.
.
’
C l
1 ' r
J . f • t
'
’
'
.
.
.
• [l . -
‘
-
optical density (2 - log percent transmittance) curve, a series
of incubations were run using the procedure in (a) with 60
minutes incubation time and alcohol quantities of 0, 0.05,
0.1, 0.2, 0.4 and 0.6 milligrams. At least four determinations
were made at each point. The 440 millimicron filter was used
in an effort to obtain a straight line function (23). An
average of at least three readings was used as the value for
percent transmittance on each tube. The galvanometer was re-
adjusted to 100 percent transmittance with a distilled water
blank between each of the readings.
(II) Alcohol Distillation and Recovery . To be sure that
alcohol itself could be quantitatively recovered by distill-
ation into the arbitrarily prescribed volume of 13 ml from
volumes and under conditions convenient for urethane deter-
mination, a series of alcohol distillations were run in the
apparatus described in appendix I for distillation. Chromic
acid was freshly prepared from 3 ml of 20N sulfuric acid and
1 ml of 0.08518 percent potassium dichromate in each receiver.
The receiver was then put in the ice bath to cool while the
distilling flask was being loaded. In these runs, the flasks
were loaded with 0.1 milligram of alcohol, 2, 3, or 4 ml of
50 percent sodium hydroxide added, and the contents diluted
with distilled water to 10, 15, or 20 ml respectively. This
gave a resulting sodium hydroxide concentration of about 10
percent. The aeration bulb was then immersed in the chromic
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acid in the receiver, and heat was applied to the flask
cautiously with the microburner having a fairly low flame.
G-ently tapping the flask was found to prevent excessive bumping
as the boiling started. The distillation was carried out as
slowly as was possible without allowing the liquid in the
receiver to suck back into the distilling flask. Experience
showed that the time required to collect 9 ml of distillate
was usually five to eight minutes, and that the distillation
should be stopped when the liquid in the receiver reached the
16 ml mark, providing there was no liquid in the aeration
bulb or the end of the distilling tube. In stopping the dis-
tillation, the wooden block beneath the ice water bath is
first removed and the ice water bath and receiver lowered to
the bench top while heat is still being applied to the flask.
The flame is then removed and the end of the distilling tube
rinsed into the receiver with a few drops of distilled water.
To remove the last traces of receiving solution from the
aeration bulb the lip of the receiver is touched to the bulb
and heat again applied to the flask to blow out all liquid.
The volume in the receiver is then made up to exactly 13 ml
and the vessel stoppered, sealed, and incubated as described
in section I.
As a check on the proposed hydrolysis procedure, sev-
eral runs were made with fifteen minute incubations before
distillation. The apparatus used for the incubation was that
described in appendix I. It was set up as shown with hot water
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from the tap or from the previous run in the boiling water
bath beaker, the hydrolysis mixture in the flask, and the
aeration bulb immersed in the chromic acid. The Bunsen flame
was turned as high as possible until the temperature was just
below 100 C and steam bubbles began to form in the bottom of
the bath. At this point timing was started and the flame
turned down so that the boiling was just barely kept going.
At the end of fifteen minutes the wooden block beneath the ice
water bath was slid out and the bath lowered to the bench top.
The boiling water bath and Bunsen burner were then removed
from the distilling flask. The ice bath was then raised again,
the block replaced under it, and heating of the flask recom-
menced with the micro-burner which had been lighted and was
immediately available. From this point the distillation pro-
ceeded as described in the preceding paragraph.
(Ill) Determination of Sensitivity of Different Dichromate
Concentrations . The stoichiometric amount of dichromate needed
for the oxidation of the quantities of alcohol in the expected
range can be easily calculated, but it was necessary to ascert-
ain whether or not one amount would allow enough sensitivity
in the low end of the range and still allow determination of
the whole range. Accordingly, alcohol incubation experiments
were made in the manner described in I (a) using 0.1 and 0.05
milligrams of alcohol and using 2 and 3 ml of the 0,08518 per-
cent potassium dichromate.
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(IV) Urethane Hydrolysis and Recovery . In an effort to cut
down Archer's (4) two step method of hydrolysis by refluxing
with a water condenser for 15 minutes and then distilling, a
procedure was devised for hydrolysis by heating in a boiling
water bath for 15 minutes, as described in part II, and immedi-
ate distillation without changing any part of the apparatus
except the heat supply. To prove the reliability of this pro-
cedure, data were obtained for a complete range of urethane
points paralleling the alcohol points obtained in part I (c).
These runs were made with a 20 ml starting volume in the dis-
tilling flask made up of 4 ml of 50 percent sodium hydroxide
plus the appropriate amount of urethane solution and water.
The amounts of urethane were 0, 0.15, 0.3, 0.5, 0.8, 1.0, 1.2,
1.3, and 1.4 mg. and at least four runs were made at each
point. The dichromate and sulfuric acid solutions were the
same ones used in part I (c) and the urethane solutions were
all made up from a stock solution of one percent concentration
kept constantly refrigerated. As a further modification of
Archer's (4) procedure, it was hoped to eliminate separate
determination of a blood blank by distilling off the blank from
the same sample before alkali was added for incubation. To
discover the effect of this procedure on a straight urethane
sample, a preliminary trial distillation from a 10 ml urethane
sample without alkali was made. As controls, a chromic acid
blank and a mixture of chromic acid and about 0.5 mg urethane
were Incubated at the same time. For a more exact experiment,
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a run was then made in which urethane equivalent to 0.1 mg
alcohol in 20 ml of distilled water was used in the distilling
flask. Having the apparatus arranged with the micro-burner for
distillation, 9 ml was distilled over into 3 ml of concentrated
sulfuric acid in the receiver and this distillate discarded.
The volume in the flask was then restored with 4 ml of 50 per-
cent sodium hydroxide and 5 ml distilled water and the regular
incubation and distillation procedure was carried out. The
results were as follows:
Procedure Gr L
Urethane distilled without
alkali or hydrolysis
75*
.1235
Blank chromic acid 75° .1249
Urethane added to chromic
acid
81*
.0888
0.1 mg alcohol incubated
and determined
81 .0875
Urethane equivalent to 0.1 mg
of alcohol determined after
first distilling off blank
81*
.0888
(V) Recovery of Urethane from Blood .
(a) Determination of blood preparation to be used. Whole blood
-.
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and plasma, if feasible as a starting point for the urethane
determination, would yield the greatest amount of urethane for
a given amount of blood, so these were tried first. The ob-
stacle to be overcome was the elimination of the foaming tend-
ency while keeping the solution sufficiently alkaline. Most
commom antifoaming agents are either slightly acid or contain
volatile reducing substances. Since plasma has the same foam-
ing tendencies to a lesser degree, several experiments were
made just attempting to distill a blank from 3 ml plasma plus
2 ml 50 percent sodium hydroxide and 5 ml water. Trials with
a few drops of paraffin oil, a few drops of number 10 auto-
mobile oil, and 1 ml 10 percent sodium tungstate plus 1 ml
mercuric sulfate were unsuccessful, since in each of these
cases the mixture foamed so badly as soon as it started to
boil that the foam went down the distilling tube.
Since Archer et al. (4) had been successful in using
tungstic acid filtrates, it was decided to use them also.
(b) Preparation of non-protein filtrates from blood . Regular
Folin-Wu filtrates were used (56).
Reagents: 10 percent sodium tungstate solution, 0.665N
sulfuric acid, 8 percent saponin solution, the
same stock solution of 1 percent urethane which
was used in previously described experiments.
Proportions: Whole blood 1:5 filtrates - 1 vol. blood and
2 vol. water plus 1 vol. sodium tungstate
plus 1 vol. sulfuric acid.
Whole blood saponin 1:5 filtrate - 1 vol.
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Procedure
:
blood plus 1.9 vol. water plus 0.1 vol.
saponin plus 1 vol. sodium tungstate plus
1 vol. sulfuric acid.
Whole blood 1:10 filtrate - 1 vol. blood plus
7 vol. water plus 1 vol. sodium tungstate
plus 1 vol. sulfuric acid.
Plasma 1:5 filtrate - 1 vol. plasma plus 3
vol. water plus vol. sodium tungstate
plus \ vol. sulfuric acid.
Plasma 1:10 filtrate - 1 vol, plasma plus 8
vol. water plus vol. sodium tungstate
plus § vol. sulfuric acid.
Cells 1:5.4 filtrate - 1 vol. cells plus 2
vol. water plus 1.2 vol. sodium tungstate
plus 1.2 vol. sulfuric acid.
Cells 1:5.8 filtrate - 1 vol. cells plus 2
vol. water plus 1.4 vol. sodium tungstate
plus 1.4 vol. sulfuric acid.
Cells 1:10 filtrate - 1 vol. cells plus 5
vol. water plus 2 vol. sodium tungstate
plus 2 vol. sulfuric acid.
Standard pipettes or burettes were used for all
volumetric measurements. All blood used was
oxalated. The ingredients were added in the
usual order; urethane solution, water, saponin
solution (where used), sodium tungstate, and
sulfuric acid. The acid was added slowly with
shaking. After standing at least fifteen or
twenty minutes, the mixtures were centrifuged
at full speed (2400 RPM) for ten minutes and
filtered.
In preparing plasma and cells, the blood was
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centrifuged at full speed (2400 RPM) for 15
minutes. The plasma was carefully removed with
a dropper and the cells taken with a pipette,
carefully inserted well below the surface of
the cell layer.
(c) Recovery of Urethane Added to Blood . Since no blood was
available from patients being treated with urethane, the only
possible type of blood recovery experiments were those in
which a known amount of urethane solution was added to blood#
A series of experiments was made with different human blood
samples and a range of added urethane up to 43*5 mg percent*
In each case, the urethane added was from the same stock solu-
tion used in the rest of this work. After the urethane was
added, the blood was allowed to stand for an hour or more with
occasional shaking. The samples were taken and filtrates pre-
pared as described in section (b). These filtrates were used
directly for the determinations. All hydrolyses, distillations,
and subsequent alcohol determinations were carried out with
the same procedures which were described above for water solu-
tions of urethane.
Besides actual recovery data for a range of urethane
blood levels, it was desired to obtain data for comparison of
recovery from 1:10 and 1:5 filtrates on the same blood, for
distribution of urethane between cells and plasma, and for
comparison of various types of blanks. The first consideration
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easily taken care of by parallel runs with 1:10 and 1:5 fil-
trates on the same blood having the same amount of added
urethane. To endeavor to measure the distribution of urethane
between cells and plasma, parallel runs were made on filtrates
of plasma, cells and whole blood. In all cases, the starting
volume was 20 ml.
The various blanks to be considered were: a blank
made by simply distilling 9 ml from a starting volume of 20 ml
of filtrate and water, a blank made by hydrolyzing a 20 ml
volume of filtrate without alkali under the usual conditions
and then distilling, a blank made by hydrolyzing a sample of
blood containing no urethane with alkali under the usual con-
ditions andjthen distilling, similar blanks from cells and
plasma. Blanks of these types were run at various urethane
blood levels using the techniques previously described.
An additional point to be decided from blood work was
whether or not the blank could be distilled from a blood
sample before hydrolysis of the same sample for urethane deter-
mination. 9 ml blanks were distilled from samples consisting
of 16 ml filtrate plus 4 ml water, and of 23 ml filtrate plus
7 ml water. These samples were then made up with 4 ml sodium
hydroxide plus 5 ml water, and 6 ml sodium hydroxide plus 3 ml
water respectively, and the regular urethane determination
procedure carried through.
(VI) Comparison of Colorimetric and Titration Methods. As a
*.
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check on the accuracy of the colorimetric method, some of the
runs described in the preceding sections were titrated after
colorimetric determinations using the barium diphenylamine sul-
fonate method (31, 36, 55). In these cases after the incubated
chromic acid solution had been measured in the colorimeter,
the receiver which had been used for that run was rinsed into
the colorimeter tube with a few ml of distilled water and the
titration carried out in the colorimeter tube.
The reagents used were:
Ferrous Sulfate Stock Solution - To 50 gm FeS0^.7H20
in 150 ml water, add 30 ml concentrated sulfuric
acid and dilute to 250 ml with distilled water.
Barium Diphenylamine Sulfonate Stock Solution - 0,1
gm barium diphenylamine sulfonate in 100 ml water.
Indicator Solution - 3 ml ferrous sulfate stock sol-
ution plus 4 ml barium diphenylamine sulfonate stock
solution diluted to 400 ml with distilled water.
The procedure used in titrating was to add 3 ml of 85
percent phosphoric acid to the sample and titrate it with
indicator solution from a micro-burette. The color change is,
first, an elimination of the orange dichromate color, then
the development of the purple indicator color. The end point
is a quick disappearance of the purple to leave a colorless or
slightly greenish solution. This change could be achieved
with a fraction of a drop from the micro-burette.
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The indicator solution is fairly stable but blanks
consisting of 0.300 percent dichromate and 3 ml of 27N sul-
furic acid should be run on each newly made portion of it.
To determine the oxidizing power of the sulfuric acid, if any,
a series of blanks was run with 1 ml of dichromate in each
case, but varying the amount of sulfuric acid. Runs with 0,
1, 2, 4, and 5 ml of sulfuric acid were made.
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RESULTS
(I) Effect of Time of Incubation on Completeness of Oxidation
mg Alcohol Time of Incubation Average L (2- log
in Minutes % Transmittance)
0.000 h5 .4455
60 •Ua s
0.0505 30 .Ui23
60
.1411*5
0.101 15 .5885
30 • 3820
Heat of solution •1037*
of H^SOi P^-us
minutes
b5 .0823*
60
.3875
0.202 30 .317
i+5
.323
60
.323
0.1|0i* 15 .2570
30 .2117
k5 .2076
60 .1968
0.606 30 .1154
h5 .1010
60 .0875
120 .0783
* The dichromate used in these runs was different in concentra-
tion from the other runs.
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(il) Alcohol Calibration Curve Data
mg. Alcohol L (2-log^transmittance)
0.000 •450
.450
•444
.k38
.438
.441
.450
Average L and
Standard Deviation
•4436 .0056
0.0505
0,101
.403
*4o6
,426
•414
,412
.417
.413 .0082
.374
.382
•390
.382
.390
•385
.3838 .0060
0.202
0.404
.317
.323
.323
.323
.3215 .0031
.2059
•2059
.1905
.1888
.1956
.1939
.1968 .0075
0.606 .0942
.0955
.0915
.0915
.0809
.0822
.0783
.0862
.0875 *0065

(Ill) Urethane Calibration Curve Data
mg Urethane L (2-log %
Transmittance
)
Average L and
Standard Deviation
Standard Error
in mg Urethane
0.000 .2+1+36 .0056
0.15 .380
.382
.392
.385
•380
.382
• 395
.390
•387 .0060 .067
0.3 • 3Uk
.3242+
.31+9
.352
.32+7 .00140 •O6I4.
0.5 .2921*
.2903
.292k
.2882
.2908 .0020 .032
0.3 .2007
.2050
•1939
•1939
.198U .0055 .087
1.0 .1367
.1382
.1293
.1278
.1397
.12+27
.1382
.1308
.1322
.1352
.1351 .OOI4.9 .01+9
1.2 .0862
.0757
.0915
.0783
.0309
.0796
.0820 .0058 .091
.
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(ill) Continued
mg Urethane L ( 2-log % Average L and Standard Error
Transmittance
)
Standard Deviation in mg Urethane
1.3 .0603 .O6O8 .OOI4.8 .092
.0605
.0655
. 05*43
l-h .0398
•0292
.0316 .0061; .123
•O2I46
.0327
( IV ) Comparison of Sulfuric acid and Silicone Grease as Seal for
Incubation Vessel*
Seal Time of Incubation
in Minutes
mg Alcohol Average
Standard
L and
Deviation
silicone grease 60 0.4 .1968 .0075
concentrated
sulfuric acid
60 0.J+ .1983 .0029
(V) Determination of Completeness of Alcohol Recovery in 9 ml of Distillate*
mg Alcohol Total Volume in
Distilling Flask
Incubation 15
minutes at 100 C
L ( 2-log %
Transmittance
)
L without
Distill-
ation
0.1 10 Yes .0875 .0901
10 Yes .0901 .0362
10 No •oa>4.8
15 No .0835
20 No .0862

(Vi) Determination of Sensitivity of Dichromate Solution to Small
Differences in Alcohol Concentration*
ml 0*08518 %
KPCro0^
mg Alcohol L (2 - log %
Transmittance)
Sensitivity in L
Units/0.01 rag Alcohol
2 0*1 .200? • 00L|j6
0*1 .2007
0.05 .2200
0.05 *2273
3 0.1 .332 .OOI4I
0.1 .330
0.05 •3k9
0.05 • 35k
(VII) Recovery of Urethane from Water Solutions*
mg. Urethane Average L Equiv. Alcohol
from Alcohol Calc.
Curve in mg
Calc, mg
Urethane
Recovered
%
Recovery
0.15 • 387 .093 0.18 120.0
0.3 .31+7 .158 0.305 101.7
0.5 .2908 .252 0.487 97.6
0.8 .1981+ .405 0.783 97.8
1.0 .1351 .519 1.003 100.3
1.2 .0820 •616 1.192 99.3
1.3 .0608 .655 1.267 97.5
1.4 .0316 .707 1.367 97.6
.r
(VIIl) Blood Preparations *
Number ml Blood
Used
ml Urethane
Used
Concentration of
Urethane Solution
mg % Urethane
in Blood
A 30 ml
1*5 filtra-t
2
,e
0 #1/0 31.3
B 50 1 1 *0% 19.6
B1 5 0 0
C Ub 1 o*5% 11.1
D 6i+ ml
1*10 filtrat
2
,e
0 * 1% 31.2
UEL 30 1 1*0% 32#2
1M2 6 0 0
1113 11 0.5 1*0% U3.5
Ll 31 0.5 1*0% 15.9
12. 19 0 0
2M 51 1 1*0% 19.2
3M 53 1 l*o% 18.5
I4MI 12 1 0.5% 11.6
I4I.I2 20 ml him 1 1*0% 3U.9
Blood Preparation Nomenclature
m 1*5 - Whole Blood 1:5 Filtrate
w 1:10 - Whole Blood 1:10 Filtrate
sw 1*5 - Whole Blood 1:5 Filtrate with Saponin
p 1*5 - Plasma 1*5 Filtrate
p 1:16 - Plasma 1:16 Filtrate
c 1*5.U - Cells 1:5*1+ Filtrate
c 1:5.9 mm Cells 1:5.8 Filtrate
c 1:10 - Cells 1:10 Filtrate
eg. 1242 - W3 1:5 is a Whole 31ood 1:5 Filtrate from Blood 1M2
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(XI ) Comparison of Different Types of Blanks on the Same Blood Preparation
Blood
Preparation
mg
Per Cent
Method mg Per Cent
Urethane in Blood
Bl-TO 1:5 1.9 alkali 0
B-TO 1:5 3*4 incubated 19.6
B-P 1:5 3.8 incubated 19.6
B—WB 1:5* 3.3 incubated 19.6
3-C 1:5,8* 5.3 incubated 19.6
B-TO 1:10** 0.3 straight 31.2
B-TO 1:10** 1.3 straight 31.2
C-P 1:5 1.9 incubated 11.1
C-STO 1:5 ?.u incubated 11.1
C-TO 1:5 2.9 incubated 11.1
C-C 1:10 4.6 incubated 11.1
1M2-WB 1:5 2.6 alkali 0
lin-WB 1:5 4*3 incubated 32.2
1M1-TO 1:5 1.9 straight 32.2
1ML-SWB 1:5 7.5 straight 32.2
1M3-WB 1:5 3.1 straight U3.5
2M-TO 1:5 3.1 straight 19.2
2M-TO 1:10 5.2 straight 19.2
2M-TO 1:10 5.2 straight 19.2
3M-TO 1:5 2.6 straight 19.6
3M-TO 1:10 5.7 straight 19.6
3M-P 1:10 3.4 straight 19.6
3M-P 1:10 4,6 straight 19.6
3M-C 1:10 4*6 straight 19.6
I4MI-TO 1:10 6.2 straight 11.6
llHX-lB 1:10 3.4 straight 11.6
IjM2-TO 1:10 4*6 straight 3k.9
ijM2-TO 1:10 0.4 straight 5U.9
LI-TO 1:5 2.9 straight 15.9
LI-TO 1:5 2.9 incubated 13*9
Ll-TO 1:10 4.6 straight 15.9
LI-TO 1:10 2.7 straight 15.9
LI-TO 1:10 4.6 incubated 15.9
L2-TO 1:5 1.7 straight 0
L2-TO 1:5 2.9 incubated 0
L2-WB 1:5 2.6 alkali 0
*
- 1 day old
l
** - 2 days old
»*f
'
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(XII) Distribution of Urethane in Cells and Plasma as Compared with 'Whole
Blood.
Blood
Preparation
% Whole Blood
Recovery
%
Plasma
Recovery
%
Cell
Recovery
%
Recovery
Plasma
Cells*
B - 1*5 99.5 121.9 67.8 97.6
B - 1*5 89.3 91.5 - 80.7
(1 Day Old)
c - 1*5 100.9, 109.0, 70.3 91.6,
103.6 102.6 88.
C
3M - 1:10 10W, 94*4, 91.3 93.0,
84.9 115.2 98.7
Assuming a hematocrit of 45
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(XIII) Comparison of Colorimetric and Titration Methods .
Ureth.
Added
mg Ureth.
by Colori-
meter
ml
Indicator
Used
ml
Indicator
for Blank
mg Ureth.
by Titra-
tion
Per Cent
Recovery
by Titra-
tion
Per Cent
Recovery
by Colori-
meter
0.3 .300 8.1; 10.95 .317 105.6 100.0
0.3 .290 8.U 10.95 .317 105.6 96.7
0.8 .761 1+.5 10.95 .802 100.2 97.6
0.8 .781 U.5 10.95 .802 100.2 97.6
1.0 .958 2.95 10.95 .995 99.5 95.8
1.0 •953 3.0 10.95 .969 98.9 95.3
1.0
.91+5 3.05 10.95 .983 98.3 94.5
1.2 1.122 1.6 10.95 I.I63 97.0 93.5
1.2 1.155 1.6 10.95 I.I63 97.0 96.2
0.15 .205 9.53 11.095 0.192 128.1 156.7
0.15 .197 9.63 11.095 0.180 120.0 131.U
0.15 .168 9.72 11.095 O.I69 112.7 112.0
0.15 .189 9.5U 11.095 0.191 127.3 126.0
1.0
Sample C
.967
aloulation
3.02 11.095 0.992 99.2 96.7
ml for blank - ml for sample - ml KgCrpOy equiv. to alo
ml for blank ml I^C^Oy used
ml KgC^Oy equiv. to ale. X 3/U.26 X 1/.517
_
mg urethane
in sample
Average Deviation from 100
$
Titration method - 7* 8/0
Colorimeter method - 10.2$
Determination of Reducing Power of Sulfuric Acid
ml HpSOjj ml Indicator Sol. Average
o’ 11.12, 11.11 11.115
1 11.12, 11.08 11.10
2 11.12, 11.09 11.105
3 11.25, 11.08, 11.07, 11.095
10.98
h 11.11 11.11
5 10.95, 11.06 11.005

Discussion and Conclusions
Preparation of Substrate , In taking blood, it was at first
thought necessary to use mercuric chloride as an antiseptic to
prevent contamination of the blood with alcohol. However, this
alcohol would be determined in the blank and no appreciable
increases in blanks were noted when alcohol was used, so it
can be concluded that no special precautions are necessary in
taking the blood sample. There seems to be no drawback to the
use of oxalate or heparin (4) as an anticoagulant*
In the choice of blood preparation to be used, it can
only be conclusively decided from these experiments that a
tungstate filtrate is preferable. While whole blood or plasma
would be desirable, the excessive foaming rules them out. The
indication is that recovery is higher with a 1:10 filtrate
than a 1:5 filtrate. However, it must be realized that this
work was done on urethane added to blood in vitro, and it can
not be assumed that urethane will be assimilated into the
blood in the same way in the living animal. The distribution
experiments seem to indicate that the cells contain less
urethane than the plasma. Whether there is a true urethane
concentration gradient across the red cell membrane or the
data are simply due to insufficient time allowed for equili-
brium to be reached can only be determined by more complete
experiments
.
Assuming stoichiometric conversion of alcohol to acetic
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acid, the amount of dichromate needed in the incubation mix-
ture is 4.26 mg per milligram of alcohol according to the
equation:
2K2Cr20?
-»-3C
2
H
5
0H 4-8H
2
S0^-^2Cr
2
(S0^) ^4- 3CH^C00H +11H20 -*-2K2S04 .
1 ml of 0.3 percent dichromate may thus oxidize alcohol equi-
valent to a range of 0 to 43.8 mg percent urethane if 16 ml
of a 1:5 filtrate are used for hydrolysis and distillation.
This represents the lowest range determinable. By use of 1:10
filtrates or diluted 1:10 filtrates, much larger ranges may
be determined*
The major factor in the decision between 1:5 and 1:10
filtrates was at first thought to be the complet ernes s of
hemolysis in preparing the filtrate. It is assumed that lak-
ing is complete in the usual preparation of a 1:10 filtrate
(47). In the 1:5 preparation hemolysis was also apparently
complete since addition of saponin did not increase the recov-
ery. The lower recoveries obtained with 1:5 filtrates are
possibly explained simply by greater loss of urethane carried
down in the precipitate by adsorption.
Blanks
.
Taken as a whole, there seems to be no consistent
difference in the three methods of determining blanks. The
simplest one is distillation without alkali or incubation, so
this should be used.
Evidence from blood filtrate determinations shows that
the recovery is consistently low when the blank is determined
on the same sample. This loss is not as great as that reported
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by Archer (4), but is sufficient to rule out this method. If
conclusions can be drawn from the few results reported above
on page 19, it would appear that no loss occurs due to actual
vaporization of urethane since there is no reduction of di-
chromate in a water blank distilled from urethane solution,
and recovery from the urethane after the blank is distilled
off is complete. The conclusion must then be drawn that some
urethane is hydrolyzed by substances in the filtrate itself.
However, more evidence is needed on this point before definite
conclusions can be drawn.
Hydrolysis . Although no control experiments on the hydrolysis
of urethane in alkaline solution have been made, the results
obtained in the recovery of alcohol from urethane seem to
Justify the hydrolysis procedure. The use of an oil bath
instead of a water bath so that distillation can be conducted
by simply heating the bath above 100 G until the liquid in the
flasks boils, is not recommended. The time lag between chang-
ing the height of the burner flame and effective heat change
in the flask is too long for positive control. The water bath
gives fairly quick control, but allows enough lag to help
prevent the receiving solution from sucking back into the
flask.
Distillation . The data reported in Table V show that alcohol
can be quantitatively recovered in 9 ml of distillate under
the conditions outlined in the procedure above, within the
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accuracy of the colorimetric method used. This is true with
starting volumes of 10, 15 > and 20 ml. The slow distillation
procedure through a metal condenser (8) is not necessary in
this case.
Collection and Incubation . According to previous workers (25) >
alcohol vapors can be completely absorbed under the conditions
of collection used above. It was evident when the experiments
were run that considerable oxidation was taking place while
the vapors were condensing since the dichromate color faded
rapidly. Consequently the incubation times found necessary
in determining the alcohol curve are probably unnecessarily
long when preceded by distillation. For incubation alone the
time necessary depends on the alcohol present. For purposes
of a standard procedure to cover a range of urethane levels,
it is necessary to use a sixty minute incubation time. Complete
oxidation to acetic acid can not be assured in forty-five
minutes. Excessive incubation at 80 C to 85 C will not cause
further oxidation to carbon dioxide in excess of one percent
error (31).
The problem of sealing the incubation vessels is more
or less of a dilemma. Concentrated sulfuric acid and silicone
grease are equally effective, but both have drawbacks. If the
proper amount of silicone is not used the stoppers tend to jam.
After several uses and washings, the grease spreads in a very
thin film on the vessel and prevents proper pipette drainage.
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This film is almost impossible to remove completely and the
grease will contaminate pipettes cleaned in the same cleaning
solution. The sulfuric acid does not give an absolutely tight
seal and has a tendency to leak into the incubation mixture.
However, the method of sealing with sulfuric acid gave satis-
factory reproducibility and was adopted.
Determination . The data for the titrimetric method is not as
extensive as that for the colorimetric method, but what there
is indicates that the inherent error of titration may be some-
what less than the colorimetric. In the few comparisons made,
the average deviation from 100 percent recovery is only 7.8
percent for titrating and 10.2 percent for colorimeter readings.
These figures are unfortunately based, for che most part, on
data taken at very low urethane levels where the recovery by
both methods was not very accurate. The errors inherent in
the methods of making the blood filtrates, nydrolysis, distill-
*
ation, and Incubation are common to both titrimetric and colori-
metric results. In the determination itself, there are fewer
errors in the titrimetric procedure if there is a good end
point, as there is in this case, but the procedure is longer
and the possibility of personal error higher than in a colori-
metric method. In the barium diphenyiamine sulfonate method,
the blank determinations showed no consistent oxidizing cower
in the sulfuric acid within the error of about two percent.
The curve of alcohol concentration versus optical
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density for the alcohol incubations is a straight line up to
o.4 nig alcohol at least, so the mixture follows Beer's Law in
this range, with a standard deviation equivalent to not more
than three percent error, The slight upward deviation above
this concentration indicates a variation from the law at higher
ranges where the yellow color is faint and the green color
more concentrated. If the same straight line is extended, an
error of about five percent may be encountered around 0.6 mg
alcohol. This error may be considerably reduced by breaking
the curve at 0.4 mg alcohol and connecting the last two points
with a straight line. Since the 0.6 mg point is an average of
eight determinations and the average of two determinations at
incubation times of two hours with 0.6 mg still does not reach
the extended straight line, it seems safe to assume there is
a deviation from the law. Below 0.4 mg alcohol, while the
actual error in determination does not increase, it is reflect-
ed in a larger error expressed as alcohol. If it is decided
to use a straight line, the equation for the line can be cal-
culated and subsequent readings converted to alcohol concent-
ration mathematically. Our value for K in the equation for
the range 0 - 0.4 mg alcohol:
Alcohol Concentration I K (.4436 - Optical Density)
is 1.65* For the higher range K was 1.82 in the equation:
Alcohol Concentration - 0.4 I K (0.201 - Optical Density)
It is recommended that new constants be determined for each
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photoelectric colorimeter.
The urethane curve can likewise be broken and used as
two straight lines. In this case the most convenient point
is at 1.0 mg. The equations are:
Urethane Concentration I K (0.4436 - Optical Density)
for the lower range with K from our figures being 3.24, and:
Urethane Concentration - 1.0 I K (0.1360 - Optical Density'
for the higher range and our K 3.87. The data for 0.15 mg
urethane give consistently high recoveries. They were taken
in two separate groups of four runs each and the average L for
each set was almost the same. Several trials were made in-
cubating and distilling from a volume of 20 ml which included
only 4 ml 50 percent sodium hydroxide plus distilled water to
insure that there was no blank in the alkali. In all cases the
readings were well within the standard deviation obtained from
zero point readings on dichromate itself. It must therefore
be assumed that the error is an optical one.
As a whole, the errors in the colorimetric method are
not as large as those of the rest of the procedure when blood
recovery is being determined and for clinical purposes it
should be sufficiently accurate. For more accurate analysis
of the rest of the procedure for errors the titriraetric method
may prove more satisfactory.
Summary . The procedure recommended for clinical determinations
of urethane in blood is to treat a 1:10 tungstic acid filtrate
with alkali, in order to hydrolyse the urethane to alcohol, and
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then to determine the alcohol by distilling it into a chromic
acid oxidizing mixture, incubating the mixture to insure oxi-
dation, and determining the degree of reduction of chromic acid
in a photoelectric colorimeter. A description of the apparatus
is given in Appendix I. The hydrolysis is carried out right
in the distilling flask, as described in part II of the pro-
cedure, using a total volume of twenty ml and including four
ml of fifty percent sodium hydroxide. After 15 minutes a
volume of nine ml is distilled into three ml 27N sulfuric acid
and one ml 0.300 percent potassium dichromate in the manner
described. The mixture is then incubated for 60 minutes at
85 C, transferred to a colorimeter tube and measured with a
440 millimicron filter. The reading can then be converted
to urethane concentration by reading from a standard curve or
calculating in a formula derived from a standard curve. For
laboratory convenience, the curve may be constructed to read
directly in mg percent urethane in the blood preparation used.
The advantages of this method are: that it is fairly
short, taking an hour and a half after preparation of the sub-
strate; it involves no elaborate apparatus; the techniques in-
volved are common laboratory procedures; and it involves no
unusual or unstable stock solutions. With slight modifications
the method could also be adapted for other protein free bio-
logical fluids.
The titrimetric determination using the barium diphenyl-
amine sulfonate Indicator may be a little more accurate »
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although it is a longer procedure.
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Appendix IV
Urethane Blood Levels of Guinea Pigs at Various Times after
Injection .
Procedure: In the absence of human patients being treated with
urethane, some recovery experiments were run with guinea pigs.
The pigs were injected with 10.0 percent urethane in physio-
logical saline, the dosage being 1 ml per 100 gm body weight.
One pig was injected intraperitoneally and another subcutaneous-
ly. All blood was taken by cardiac puncture in small samples
of 3 to 5 ml. A blank was taken from each pig before injection
of urethane, and samples were taken as soon after injection as
the pig appeared quite drowsy and at intervals thereafter as
long as possible.
Since preliminary results had indicated that blanks
might be higher than expected after urethane injection, 2 pigs
were anaesthetized with chloroform by inhalation and samples
taken for blanks.
The blood samples were oxalated and 1:10 filtrates pre-
pared. Samples of the filtrates were used for determinations
according to the procedure outlined in this thesis. Since high
blood levels were expected 6 ml samples of filtrate were used
for urethane determination. 16 ml portions were used for blank
determination.
Results : The levels from intraperitoneal injection were much
lower than those from subcutaneous injection and it was feared
the former injection was directly into an organ so these
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results are not reported until further checks can be made.
The results from subcutaneous injection are as follows:
Time
(in minutes)
6.5 13 28.5 65
Blood Level
(in mg %) 141.9 126.7 144.5 152.5
The blanks determined were as follows:
Pi* 1 2 3 4 5
Before Injection 4.9mg% 3.9mg% 3.9m
After Injection of
Urethane 7 . 5mg^ 4.6mg$
After administration
of Chloroform 5 . lmg$ £•oo
Discussion: These few results indicate that urethane is ab-
sorbed extremely rapidly almost to maximum blood level. There
is also an indication that blanks on anaesthetized animals may
be higher than normal blanks. This is perhaps due to increased
acetone bodies in the blood.
Acknowledgements : The major portion of this work with guinea
pigs was done by Dr. Matthew A. Derow and Miss Dorothea J.
Reilly. Their aid on this and other parts of the problem is
gratefully acknowledged.
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